Turkish Journal of Agriculture and Forestry
Volume 35

Number 1

Article 4

1-1-2011

Anatomical, physical, and mechanical properties of eldar pine
(Pinus eldarica Medw.) grown in the Kelardasht region
MAJID KIAEI

Follow this and additional works at: https://journals.tubitak.gov.tr/agriculture
Part of the Agriculture Commons, and the Forest Sciences Commons

Recommended Citation
KIAEI, MAJID (2011) "Anatomical, physical, and mechanical properties of eldar pine (Pinus eldarica
Medw.) grown in the Kelardasht region," Turkish Journal of Agriculture and Forestry: Vol. 35: No. 1, Article
4. https://doi.org/10.3906/tar-1001-552
Available at: https://journals.tubitak.gov.tr/agriculture/vol35/iss1/4

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Agriculture and Forestry by an authorized editor of TÜBİTAK Academic Journals. For
more information, please contact academic.publications@tubitak.gov.tr.

Research Article

Turk J Agric For
35 (2011) 31-42
© TÜBİTAK
doi:10.3906/tar-1001-552

Anatomical, physical, and mechanical properties of eldar pine
(Pinus eldarica Medw.) grown in the Kelardasht region

Majid KIAEI*
Staﬀ Member, Department of Wood and Paper Science and Technology, Islamic Azad University (IAU),
Chalous Branch - IRAN

Received: 07.01.2010

Abstract: The aim of this study was to determine some of the anatomical, physical, and mechanical properties of 35-yearold Pinus eldarica Medw. wood. For this purpose, 3 normal pine trees were randomly cut down from the GaragpasKelardasht site located in the northern part of Iran. Disks and logs of wood were cut at breast height. The testing samples
were prepared along the radial axis from the pith to the bark to determine anatomical and physical properties such as
annual ring width, tracheid length, oven-dry density, basic density, and volume shrinkage, and mature wood was used
to measure mechanical strength characteristics such as static bending (MOE and MOR) and compression parallel to the
grain. The results showed that the densities (oven-dry density and basic density) and volumetric shrinkage increased along
the radial axis from the pith to the bark. With increasing cambial age, the values of length increased while the annual ring
-3
width decreased. The average density of the test sample (ρ12) was 545 kg m , the modulus of elasticity (MOE) was 7.21
GPa, the modulus of rupture (MOR) was 82.81 MPa, and the compression strength parallel to the grain was 52.18 MPa.
The relationship between the wood density and strength properties was determined by regression analyses. It was found
that there were strong relationships between density and MOR and compression strength parallel to the grain. However,
the modulus of elasticity showed weak correlation with the wood density. The results of this research were compared with
the other growing sites of pine trees in Iran. As a result of this comparison, it was observed that pine trees grown in
Garagpas-Kelardasht and pine trees at other sites have different wood properties.
Key words: Pinus eldarica Medw., annual ring width, tracheid length, wood density, volumetric shrinkage, mechanical
properties

Introduction
The genus Pinus is composed of about 95 species
native to the New World (North and South America)
and the Old World (Eurasia and northern Africa). In
the New World, it is native to the West Indies, Central
America, Mexico, the United States, and Canada
(Alden 1997). Due to increasing wood consumption
and the development of pulp and paper production,

plantations of fast-growing tree species managed with
short rotations have a growing importance for the
sustainability of industrial wood raw material. The
softwoods, especially fast-growing pine species, have
a higher priority for plantation forestry due to their
adaptation capability to wide ecological conditions
and various usage areas. Therefore, Parks and Forestry
officials have imported approximately 48 foreign fast-
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growing softwood species into Iran since 1956 and
planted them in different ecological conditions (Zare
2001). Pinus eldarica was one of the softwood species
planted in many parts of Iran, and it has shown good
adaptation to environmental condition. Debazac and
Tomasson (1965) considered Pinus eldarica to be a
subspecies of Pinus brutia, while Critchfield and Little
(1971) considered it as a variety of Pinus brutia.
The mechanical properties are controlled by
physical and anatomical characteristics such as wood
density, grain angle, tracheid length, and microfibril
angle of the S2 layer in the cell wall (Tokumoto et al.
1997). Wood density is a commonly used wood
quality indicator that is related to other wood
properties, such as timber strength and shrinkage, as
well as pulp yield and properties (Panshin and de
Zeeuw 1980). Wood density is mainly influenced by
genotype, ageing of the cambium, and growth rate
(Zhang 1998). In conifers, increased growth rate
usually leads to a greater increase in earlywood (low
density) than in latewood (high density) formation
and also delays the transition from juvenile wood to
mature wood (Zhang et al. 1996; Koga et al. 2002).
Juvenile wood is a part of the tree that occurs in
the early growth and is usually found in the first 5-25
years. The ratio of juvenile wood varies depending on
the wood species and wood age (Clark and Saucier
1989). The juvenile wood found in soft woods and
hard woods and the ultramicroscopic structure,
chemical composition, and anatomical, physical, and
mechanical properties of juvenile wood are different
from those of mature wood. The densities of juvenile
woods are lower because they contain relatively few
latewood cells. Earlywood cells found in a high
proportion in juvenile wood have a thin wall layer,
which is one of the reasons for lower density
(Dadswell 1958; Clark and Saucier 1989; Zobel and
van Buijtenen 1989).
The cell size and relative cell dimensions have a
major influence on the quality of pulp and paper
products and on solid wood products (Clark 1962).
The fiber length and width, wall thickness, and lumen
size have an effect on the bulk, burst, tear, fold, and
tensile strengths of paper (Zobel and van Buijtenen
1989). However, there are definite correlations
between tracheid length and certain lumber
mechanical properties (Bisset et al. 1951). A positive
32

and strong relationship between MOR and the
tracheid length of pine wood (Pinus taeda) was found
by Omidvar (1987). A study on the variations of the
tracheid dimensions of pine wood (Pinus eldarica
Medw.) from the Golestan plantation indicated that
the tracheid length and cell wall thickness increased
from the pith toward the bark (Habibi et al. 2003).
The objectives of this study were: (a) to investigate
the variations of physical and anatomical properties
along the radial axis from the pith toward the bark of
Pinus eldarica Medw. grown in the Kelardasht region,
(b) to examine the mechanical strength properties of
Pinus eldarica Medw., (c) to determine the
relationship between the wood density and shrinkage
and strength properties of Pinus eldarica Medw., and
(d) to compare these results with eldar pine wood
growing in other plantation sites in Iran.
Materials and methods
In this research, 3 normal Pinus eldarica Medw.
trees were randomly selected from a plantation at the
Garagpas-Kelardasht site, which is located in the
western part of Mazandaran province in the north of
Iran. These trees have been grown for 35 years at this
site. The annual rainfall and annual average
temperature (1976-2008) was 434.9 mm and 9.6 °C,
respectively. October and November are high-rain
months and June and July are low-rain months. The
temperature reaches its maximum level in June, July,
and August (Malakpur 1999). Pinus eldarica Medw. is
mixed with Pinus sylvestris, Pinus nigra, and Picea
abies at the Garagpas-Kelardasht site. The Pinus
eldarica trees were cut for this study in January 2009.
Table 1 shows the characteristics of the trees. Table 2
shows the traits of environmental and climatic
conditions for the other Pinus eldarica plantation sites
in Iran.
Anatomical properties
A disk, 5 cm in thickness, was removed from each
tree at breast height level for evaluation of anatomical
properties. The width of the every third annual ring
was measured using a normal binocular and the
LINTAB 5 ring-width measuring system (Rinntech
Company, Germany). The tracheid length of the
latewood of every third ring from the pith to the bark
was measured for each of the tree sample disks. After
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Table 1. The characteristics of the test areas and trees.

Tree No.
Elevation (m)

1

2

3

1242

1253

1247

Slope (%)

15

15

15

Exposure

North

North

North

Age
Soil type

35

35

35

Clay

Clay

Clay

Latitude

51°10´29˝E

51°10´29˝E

51°10´37˝E

Longitude

36°29´48˝N

36°29´46˝N

36°29´50˝N

434.9

434.9

434.9

9.6

9.6

9.6

Annual rainfall (mm)
Annual average temperature (°C)
Tree diameter (mm)

306

302

300

Tree height (m)

18.1

17.5

17.4

Table 2. The characteristics of environmental conditions of other sites in Iran.
Soil type

Annual rainfall (mm)

Temperature (°C)

Elevation (m)

Site

Loamy-sand

230

16

1289

Chitgar (Tehran)

Loamy-sand

230

16

1209

Azadi (Tehran)

Loamy-sand

230

16

1355

Sorkh-Hesar (Tehran)

Sandy-loam

704

15.8

20

Zaghmarz (Mazandaran)

Clay-loam

550

9

1400

Benafeshdeh (Mazandaran)

Silty-clay-loam

350

14.42

500

Saad-Abad (Mazandaran)

Silty-clay

658

17.7

220

Chatan (Golestan)

macerating them with Jeffrey’s solution (10% nitric
acid: 10% chromic acid: water, 1:1:18), the length of
20 tracheids of every third ring was measured using
the Leica Image Analysis System.
Physical properties
A disk, 5 cm in thickness, was collected from each
tree at breast height level for evaluation of physical
properties. In order to determine the physical
properties, samples with dimensions of 2 × 2 × 2 cm
were prepared according to ASTM-D143. The radial
variation was also studied by preparing 5 samples,
equal in size from the pith to the bark, in different
geographical directions of each disk. On the other
hand, samples were continuously taken along the
radial axis from the pith to the bark (Figure 1).

Mechanical properties
One 50 cm log and one 15 cm log were removed
from each tree at breast height. The first log was used
for static bending tests, to calculate the modulus of
elasticity and the modulus of rupture, and the second
log was used to test the compression strength parallel
to the grain. The specimens were taken from mature
wood. The age demarcation point between juvenile
and mature wood was estimated at around 25 years
(Clark and Saucier 1989). According to the ASTMD143-94 standard (second method), the sample
dimensions were 25 × 25 × 410 mm for static bending
strength tests, such as modulus of rupture (MOR) and
modulus of elasticity (MOE), and 25 × 25 × 100 mm
for compression parallel to the grain. The prepared
33
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Radial direction from the pith to the bark

North

Breast height

5 cm disk
North

Bark
South
disk

Pith

Figure 1. Sawing pattern used on each stem section for the analysis of physical wood properties.

samples were then conditioned in a room at a
temperature of 20 °C and 65 ± 5% relative humidity
until the specimens reached an equilibrium moisture
content of about 12%. The load was applied in the
tangential direction.
Statistical analysis
To determine the effect of cambial age on
anatomical properties (annual ring width, tracheid
length) and the effect of radial direction on physical
properties (oven-dry density, basic density, and
volumetric shrinkage), statistical analysis was
conducted using the SPSS programming method in
conjunction with the analysis of variance (ANOVA)
techniques. Duncan’s multiple range test (DMRT) was
used to test the statistical significance at the α = 0.05
and α = 0.01 levels. The linear regression model was
used to analyze the relationship among the wood’s
various properties. These results were also compared
with eldar pine wood grown at other plantation sites
in Iran.
Results
Anatomical properties
Table 3 shows the results of the descriptive
statistics of the anatomical properties of eldar pine
34

wood. The results showed that tracheid length
increased rapidly with cambial age up to about 24
2
years and then increased gradually thereafter (R =
0.55, Figure 2a), but annual ring width decreased (R2
= 0.75, Figure 2b). The results of statistical analysis
indicate that there was a significant difference
between anatomical properties of the samples from
different cambial ages (Table 4). There was also a
negative relationship between the ring width and
tracheid length (R2 = 0.68, Figure 2c).
Physical properties
Table 5 shows the results of the descriptive
statistics for the oven-dry density, basic density, and
volume shrinkage of eldar pine wood. The mean of
-3
the oven-dry density was 0.46 g cm , the basic density
-3
was 0.41 g cm , and the volumetric shrinkage was
11.60% in this material. The oven-dry density (R2 =
0.62), basic density (R2 = 0.55), and volumetric
shrinkage (R2 = 0.34) values increased along the radial
axis from the pith to the bark (Figures 3a-3c). The
results of the statistical analysis indicate that there
were significant differences between the physical
properties of the samples along the radial axis (Table
6). Regression analysis showed that oven-dry density
(R2 = 0.67) and basic density (R2 = 0.53) had a
significantly positive correlation with volumetric
shrinkage (Figures 4a and 4b).
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Table 3.

Average and descriptive statistics of anatomical
properties of eldar pine.

Cambial
age (year)

Tracheid length
(mm)

Annual ring
width (mm)

3

1.79 a

4.64 de

6

1.94 ab

6.24 f

9

2.1 b

5.34 ef

12

2.36 c

5.57 ef

15

2.59 d

4.60 de

18

2.68 d

3.47 cd

21

3.02 e

3.68 cd

24

3.23 f

3.35 bcd

27

3.23 f

2.31 abc

30

3.24 f

1.95 ab

33

3.29 f

1.70 a

35

3.38 f

1.36 a

Descriptive statistics
1

No. of sample
Mean
Max.
Min.
Standard deviation

720
2.74
4.61
1.21
0.75

36
3.68
6.50
1.29
1.90

Results with different letters are significantly different (Duncan’s
test); 1number of samples for tracheid length was 36, and from
each sample, 20 fibers were selected.

Mechanical properties
The average mechanical strength properties of
eldar pine wood are listed in Table 7. The average
-3
density of the test sample (ρ12) was 545 kg m , MOR
was 82.81 MPa, the MOE was 7.21 GPa, and the
compression strength parallel to the grain was 52.18
MPa in mature wood. The relationship between the
density of the test sample (ρ12) and mechanical
strength properties is shown in Figures 5a-5c. These
results indicate that the density of the test sample (ρ12)
had a strong correlation with MOR and the
compression strength parallel to the grain. MOE
showed more variation and had a weaker correlation
2
2
(R = 0.46) with density (ρ12) than MOR (R = 0.71)
2
and the compression strength properties (R = 0.73).

Discussion
Some researchers have reported that wood density
increases with age or distance from the pith (Farmer
and Wilcox 1968; Golbabaei et al. 1998). This is
supported by the fact that juvenile wood is usually
known to be of a lower density than mature wood.
There is also a close relationship between wood
density and cell wall thickness (Zobel and van
Buijtenen 1989). In the present study, wood density
and volumetric shrinkage variations along the radial
axis from the pith to the bark increased. The increase
in wood density was due to the increase in cell wall
thickness and the existence of juvenile wood around
the pith during the juvenile period of the tree. In
addition, wood density has a strong correlation with
volumetric shrinkage. The volumetric shrinkage and
swelling properties are affected by several wood
factors, such as the heartwood to sapwood ratio or the
fibrillar angle on the S2 layer (Bektaş and Güler 2001).
However, the most important parameter affecting
wood shrinkage is the wood density (Guler et al.
2007). In the present study, the average oven-dry
density, basic density, and volume shrinkage were
-3
respectively 0.46, 0.41 g cm , and 11.60%, which was
higher than the average of those properties at the
Zaghmarz and Benafeshdeh sites, and lower than the
averages for the Saad-Abad site (Table 8).
The results showed that the trend of the tracheid
length and annual ring width variations with
increasing cambial age were increasing and
decreasing, respectively. The average tracheid length
was 2.74 mm, which was taller than in the Chatan
region and shorter than at the Zaghmarz site (Table
8). Fujiwara and Yang (2000) reported cell lengths
increasing rapidly outward from the pith, attributed
during the juvenile period of the tree. After this early
increase, cell length fluctuates in the outer rings.
The average annual ring width was 3.68 mm,
which was larger than the annual ring widths at the
Azadi, Chitgar, Sorkh-Hesar, and Saad-Abad sites,
and less than those of the Benafeshdeh, Zaghmarz,
and Chatan sites (Table 8). Greater variation in the
growth rate level at different sites is due to changes in
weather conditions (temperature and rainfall) during
the growing period (Raiskila et al. 2006). For example,
Safdari (2004) stated that precipitation in August at 3
different sites had the most positive influence on the
ring width of pine trees (Pinus eldarica Medw.) in
Tehran.
35
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7
3.75
Anunal ring width (mm)

Tracheid lengt (mm)

6

(a)

3.5
3.25
3
2.75

y = 0.054x + 1.68
R2 = 0.55

2.5
2.25
2

tree 1
tree 2
tree 3

1.75
6

9

12 15

18

21

24

27

30 33

y = -0.14 x + 6.44
R 2 = 0.75

5
4
3
2
1

1.5
3

tree 1
tree 2
tree 3

(b)

0

35

3

6

9

12

15

Cambial age

18

21

24

27

30

33

35

Cambial age
3.75

(c)

y = -0.28x + 3.76
R2 = 0.68

Tracheid lengt (mm)

3.5
3.25
3
2.75
2.5
2.25
2
1.75
1.5
0

1

2

3
4
5
Annual ring width (mm)

6

7

Figure 2. a, b) Tracheid length and annual ring width variations along radial axis from the pith to the bark. c) Relationship between
tracheid length and ring width.

Table 4. The analysis of variance between radial axis and anatomical properties.

Wood properties

Tracheid length

Annual ring width

**Significant at 0.01.

36

Sum of squares

df

Mean square

Sig.

Between groups

236.916

11

21.538

90.672**

Within groups

168.175

708

0.238

Total

405.091

719

Between groups

86.797

11

7.891

Within groups

14.999

24

0.625

Total

101.796

35

12.626**
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Table 5. Average and descriptive statistics of physical properties of eldar pine.

Along radial axis from
the pith to the bark

Oven-dry density
(g cm-3)

Basic density (g cm-3)

Volume shrinkage (%)

1 (near to the pith)
2
3
4
5 (near to the bark)

0.425 a
0.452 ab
0.471 b
0.478 b
0.544 c

0.378 a
0.401 b
0.415 b
0.421 b
0.468 c

10.76 a
11.22 a
11.71 b
11.76 b
13.95 c

52
0.41
0.48
0.33
0.03

52
11.60
15.51
6.33
2.02

Descriptive statistics
No. of sample
Mean
Max.
Min.
Standard deviation

52
0.46
0.56
0.36
0.04

Values in a column with different letters are significantly different.

(a)

0.56

0.49

y = 0.0246x + 0.4005
R 2 = 0.62

0.53

Basic density (g cm-3)

Oven-dry density (g cm-3)

0.59

0.5
0.47
0.44
0.41

0.43
0.4
0.37

y = 0.0169x + 0.3673
R 2 = 0.55

0.34

0.38
0.35

(b)

0.46

0

1

2

3

4

0.31

5

0

Volume shrinlage (%)

Number of samples along radial axis from pith to bark
16
15
14
13
12
11
10
9
8
7
6

1

2

3

4

5

Number of samples along radial axis from pith to bark

(c)

y = 0.697x + 9.8197
R2 = 0.34

0

1

2

3

4

5

Number of samples along radial axis from pith to bark

Figure 3. Oven-dry density (a), basic density (b) and volume shrinkage (c) variations along radial axis from the pith to the bark.
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Table 6. The analysis of variance between radial axis and physical properties.

Wood properties
Between groups
Oven-dry density

Basic density

Volume shrinkage

Sum of squares

df

Mean square

Sig.

0.055

4

0.014

16.88**

0.001

Within groups

0.038

47

Total

0.093

51

Between groups

0.031

4

0.008

Within groups

0.022

47

0.001

Total

0.053

51

Between groups

38.326

4

9.581
3.638

Within groups

170.968

47

Total

209.294

51

16.746**

2.634*

16
15
14
13
12
11
10
9
8
7
6
0.35

(a)
Volume shrinlage (%)

Volume shrinlage (%)

**Significant at 0.01, *Significant at 0.05.

y = 31.263x-2.8958
R2 = 0.67
0.4

0.45
0.5
Oven-dry density (g cm-3)

0.55

16
15
14
13
12
11
10
9
8
7
6
0.35

(b)

y = 38.73x-4.20
R2 = 0.53
0.37

0.39

0.41
0.43 0.41
Oven-dry density (g cm-3)

0.43

0.41

Figure 4. a, b) Relationship between oven-dry density and volume shrinkage of pine wood.

Table 7. Descriptive statistics of mechanical properties of Pinus eldarica wood.
Mechanical
properties

38

Density at 12%
(kg m-3)

Compression strength
parallel to the grain
(MPa)

State bending
MOE (GPa)

MOR (MPa)

No. of sample

52

33

52

52

Mean

545

52.18

7.21

82.81

Max.

650

66.8

11.58

141.1

Min.

440

29.3

3.72

427

Standard deviation

48

9.52

1.85

24

M. KIAEI

160
(b)

140

(a)

Modulus of elasticity (MPa)

Modulus of elasticity (GPa)

14
12
10
8
6
4

y = 0.026x - 7.07
R2 = 0.46

2
0
400 425 450 475

500

525

550 575

600

120
100
80
60
40

y = 0.443x - 158.9
R2 = 0.71

20
0
400

625 650

425

-3

475

500

525

550

575

600

625

650

-3

Density at 12% moisture content (kg m )
Compession strength parallell to the grain (MPa)

450

Density at 12% moisture content (kg m )

80
(c)

70
60
50
40
30
20

y = 0.20x - 46.00
R2 = 0.73

10
0
400

425

450

475

500

525

550

575

600

625

650

Density at 12% moisture content (kg m-3)

Figure 5. a-c) Relationship between density and mechanical properties of pine wood.

Table 8. Comparison of these results with other sites of eldar pine in Iran.
Sites

D0

Db

αv

TL

ARW

MOR

Reference

Garagpas

0.46

0.41

11.60

2.74

3.68

82.81

This study

Chitgar

-

-

-

-

2.75

-

Safdari (2004)

Azadi

-

-

-

-

2.60

-

Safdari (2004)

Sorkh-Hesar

-

-

-

-

2.70

-

Safdari (2004)

Zaghmarz

0.40

0.38

-

3.46

5.40

-

Golbabaei et al. (1998)

Benafeshdeh

0.40

0.35

9.86

-

4.04

61

Kiaei (2009)

Saad-Abad

0.48

0.43

12.42

-

3.28

-

Kiaei (2009)

Chatan
Tehran

-

-

-

2.26
-

4.95
-

67

Habibi et al. (2003)
Parsapajouh (1998)

D0: Oven-dry density (g cm-3), Db: basic density (g cm-3), αv: volume shrinkage (%), TL: tracheid length (mm), ARW: annual ring width
(mm), MOR: modulus of rupture (MPa).
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According to Table 8, the Zaghmarz site had the
greatest annual ring width, the lowest oven-dry
density, and the tallest tracheid length in comparison
with other sites in Iran. The main reason for this
difference is the site, as the site has a significant
impact on the growth rate and density of wood
(Koizumi et al. 2003; Raiskila et al. 2006). The growth
rate also influences wood density because of the
changes in the relative proportions of the secondary
cell wall and void volume (e.g. cell lumen) and in the
relative amounts of chemical components of the cell
wall (Mäkinen et al. 2002b). The growth rate has also
been found to have some effect on the cell diameter
and length (Mäkinen et al. 2002a). The soil plays a
major role at each site. Variations in wood quality with
tree growth are strongly correlated with the physical
and chemical properties of the soil (Rigatto et al.
2004). A low density may be obtained at sites with
favorable soil properties for stand growth (Cutter et
al. 2004). In this study, the types of soil and the climate
conditions were different at all aforementioned sites.
The average of modulus of rupture of eldar pine
wood was 82.81 MPa, which was greater than that at
the Benafeshdeh and Tehran sites (Table 8). It is
generally believed that rapid growth rate results in low
density and lower mechanical strength properties in
softwood (Zhang 1998). The variations in the
mechanical properties in the same species are due to
different factors, such as growth conditions and

ecological factors. In particular, the altitude, soil, and
climatic conditions can affect the mechanical
properties of wood (Bektaş et al. 2002). Additionally,
the modulus of rupture value of this species is greater
than that of other pine species, such as Pinus rigida,
Pinus resinosa, Pinus jeffreyi, Pinus glabra, Pinus
contorta, Pinus banksiana, and Pinus massoniana, and
lower than that of some species, such as Pinus
yunnanensis, Pinus virginiana, Pinus palustris, Pinus
elliottii, and Pinus echinata (Table 9).
Correlation analysis showed that there was a
strong correlation between the density of the test
sample (ρ12) and MOR and the compression strength,
and there was a weak relation between the density of
the test sample (ρ12) and MOE, which was also
2
reported by Raiskila et al. (2006) (R = 0.47). The
relationship between density and mechanical
properties within a species has been studied by many
researchers. A significant linear relationship between
density and mechanical properties was reported by
Shepard and Shottafer (1992) and Zhang (1995, 1997).
There was also a negative relationship between the
ring width and tracheid length, which was also
reported by Fujiwara and Yang (2000). They stated
that there was a negative relationship between the cell
2
length and ring width in jack pine (R = 0.508), balsam
2
2
fir (R = 0.496), and black spruce (R = 0.825), and a
positive relationship in trembling aspen (R2 = 0.255).

Table 9. Comparison of modulus of rupture of eldar pine with other pine species.
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Species

Common name

MOR (MPa)

Reference

Pinus eldarica Medw.
Pinus rigida Mill.
Pinus resinosa Aiton
Pinus jeffreyi Grev. & Balf.
Pinus glabra Walter
Pinus contorta Douglas ex Loudon
Pinus banksiana Lamb.
Pinus massoniana Lamb.
Pinus yunnanensis
Pinus virginiana Mill.
Pinus palustris Mill.
Pinus elliottii Engelm.
Pinus echinata Mill.

Eldar pine
Pitch pine
Red pine
Jeffrey pine
Spruce pine
Lodgepole pine
Jack pine
Chinese red pine
Yunnan pine
Virginia pine
Longleaf pine
Slash pine
Shortleaf pine

82.81
74.5
75.8
64.1
71.7
64.8
68.3
76.5
100.8
89.6
100
112
90.3

This study
Alden (1997)
Alden (1997)
Alden (1997)
Alden (1997)
Alden (1997)
Alden (1997)
Zhang (1997)
Zhang (1997)
Alden (1997)
Alden (1997)
Alden (1997)
Alden (1997)

M. KIAEI

Conclusion
In this study, the anatomical, physical, and
mechanical properties of eldar pine wood (Pinus
eldarica Medw.) at the Garagpas-Kelardasht site were
determined, and these results were compared with
wood of other sites in different regions in Iran. The
following conclusions were obtained from this
research:
1) The results for physical properties indicated that
the wood density and volume shrinkage increased
along the radial direction from the pith to the bark.
Furthermore, there were positive and strong
relations between the wood density and volume
shrinkage.
2) The results for anatomical properties indicated
that with the increasing of cambial age, the values
of tracheid length and annual ring width increased
and decreased, respectively. There was also a

negative and strong correlation between the
annual ring width and tracheid length in eldar
pine wood.
3) There were positive and strong relations between
the density of the test sample (ρ12) and MOR and
compression parallel to the grain of the pine wood,
but the relation between the density of the test
sample (ρ12) and MOE was weak.
4) This study indicates that pine trees growing at the
Garagpas-Kelardasht site and other sites have
different wood properties. These differences may
be explained by some regional conditions that
affect the growth characteristics and properties of
the wood. The pine wood planted at this site, due
to its high density and mechanical properties, can
be utilized in more structural applications than
wood from the other sites. Therefore, it is advisable
to plant this species in the Kelardasht region.
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